INTRODUCTION
Microbial secondary metabolites continue to be a chemically diverse source for the discovery and development of pharmaceutical agents and also biochemical probes to study human disease processes. Traditionally, soil-derived microorganisms, especially actinomycetes and fungi, have been most frequently utilized for the screening and consequently drugs have been developed from the original natural products or through their chemical modification and synthesis based on their structures. Unfortunately, the frequency of finding structurally new compounds is declining because easily available microorganisms have been screened numerous times. A way to improve such a situation is to examine organisms from unexplored ecosystems such as marine symbiotic bacteria 1) and extremophilic microorganisms 2) . We recently identified several new bioactive compounds produced by actinomycetes isolated from live plants (Fig. 1) . Two new novobiocin analogs 3) were produced by Streptomyces from Aucuba japonica, and cedarmycins 4) by Streptomyces from Cryptomeria japonica as antimicrobial metabolites. Fistupyrone 5) , a novel plant protective substance, is a metabolite of Streptomyces from Allium fistulosum with the antiinfective activity against Alternaria brassicicola, a serious fungal pathogen of Brassica species. Furthermore, in the culture broth of Streptomyces hygroscopicus from Pteridium aquilinum were found pteridic acids that induce the formation of adventitious roots in hypocotyl of kidney beans with the effectiveness equivalent to that of indoleacetic acid, a plant hormone, at 1 nM 6) . These findings indicate that plant is a potential source of novel strains producing new bioactive molecules. The present work describes the isolation of actinomycetes from live plants and evaluation of their metabolites in the screening for antiphytopathogenic activity.
MATERIALS AND METHODS
Sample collection: Twenty-four kinds of wild and agricultural plants growing in the fields were collected in Toyama and Miyagi prefectures, Japan, from April to June in 1998. Seedlings with no signs of pathogens or growth retardation were chosen for study.
Isolation of actinomycetes from plants: Collected whole plants were washed with running tap water, separated into leaves, stems and roots, and dried at room temperature for 2 days. They were cut into pieces ca. 3-5 cm in length of which surface was sterilized in 70% ethanol for 2 minutes and 1% NaClO 4 solution for 5 minutes. After rinsing with sterilized water, they were placed on a Bn-2 agar plate containing amphotericin B 0.005%, benomyl 0.02% and cycloheximide 0.005%, and incubated for about 1 month at 32˚C. Actinomycete colonies growing out of plants were taken and transferred onto a Bn-2 agar plate covered with a membrane filter (mixed cellulose ester, pore size = 0.2 mm, Advantec). After incubation of the plate at 32˚C for two weeks, the membrane filter was removed and the plate was incubated for another two weeks. Pure colonies were transferred to a Bn-2 agar slant for preservation. Bn-2 medium consists of glucose 0.5%, soluble starch 0.5%, NZ case (Humco Scheffield Chemical Co.) 0.2%, yeast extract (Difco Laboratories) 0.1%, NaCl 0.5%, CaCO 3 0.5% and agar 1.4%. pH was adjusted to 7 before autoclaving.
Fermentation: Actinomycete isolates were cultured in a liquid medium as follows. A loopful of a mature slant culture was inoculated into a 50-ml culture tube containing 10 ml of the seed medium consisting of glucose 0.5%, soluble days. Three-ml of the seed culture were transferred into a 500-ml K-1 flask containing 100 ml of the production medium consisting of glucose 0.5%, glycerol 2%, soluble starch 2%, Pharmamedia (Difco Laboratories) 1.5%, yeast extract 0.3% and Diaion HP-20 (Mitsubishi Chemical Co.) 1% (pH 7.0). The inoculated flasks were shaken on a rotary shaker (200 rpm) at 30˚C for 6 days. Then, 100 ml of acetone was added to the flasks and they were shaken for 2 hours. Mycelium was removed by centrifugation and the resulting supernatant was evaporated. The remaining aqueous solution was used for bioassay. Biological assay: Antimicrobial activity of the culture broth was tested by paper disc assay against the following phytopathogenic microorganisms: Fusarium oxysporium f. sp. tulipae TU-4-2 (Fat); Pyricularia oryzae 121 (Po); Cercospora kikuchii (Matsumoto et Tomoyasu) TM6.25-1 (Ck); Alternaria brassicicola TP-F0423 (Ab); Clavibacter michiganensis subsp. michiganensis Cmm8904 (Cmm); Burkholderia glumae T9154 (Bg); Xanthomonas campestris pv. glycinea (Nakano) Dye T9201 (Xcg); Pseudomonas syringae Ps9238 (Ps). Antiinfective assay for A. brassicicola TP-F0423 was described in our previous paper 5) .
RESULTS AND DISCUSSION
Isolation of actinomycetes from live plants. In 1978, Hasegawa et al first reported the isolation of an actinomycete which was neither symbiotic nor pathogenic but associated host-specifically with plants with the identification of a new genus Actinosynnema 7) . Later, Okazaki et al investigated the plants inhabiting in seashores and proved the existence of endophytic actinomycetes in leaves by showing the scanning electron micrographs of aerial hypha and spore chains growing in plants 8) . These studies prompted us to investigate thoroughly the distribution of actinomycetes in herbaceous and arbor plants of wild and agricultural species together with their potency of producing new bioactive compounds.
Plant samples were collected in Toyama and Miyagi prefectures, Japan. In order to compare the distribution of actinomycetes in leaves, stems and roots of a whole plant, we chose healthy seedlings with no apparent physical or physiological damages. After surface of samples was sterilized, the samples were incubated on an agar plate for about 1 month. During this incubation, the green color of leaves turned into brown and the colonies of actinomycetes emerged on the surface of leaves along veins (Fig.  2) . Observation of plant samples covered with actinomycete colonies using a scanning electron microscopy revealed that these actinomycetes intruded into plant bodies through a stoma or by degrading the cell surface polymers to take up nutrient (Fig. 3) . It seems likely that these actinomycetes are not able to break through the native defense system of plants because of its low pathogenicity while the plant cells are alive. However, once the plant loses its defense ability by some reason, actinomycetes initiate to grow by utilizing plant bodies as a nutrient source and a supporting material for growth. In case of stems and roots, degradation of specimens was indistinct but actino- mycetes grew out of the samples to form colonies macroscopically detectable within several weeks. To eliminate the contamination of bacteria or fungi, the colonies on plants were transferred to a fresh agar plate covered with a membrane filter and reisolated after several weeks. Plants used for the isolation and the numbers of actinomycete isolates are summarized in Table 1 . The numbers of isolates were determined by scoring the strains different from each other by macroscopic observation of morphology on a Bn-2 agar slant. From 24 species of herbaceous and arbor plants, 398 actinomycete strains were isolated. The frequency of isolation from three parts of plants was almost equal, not depending on the plant species: 33.1% of the isolates from leaves, 44.4% from stems and 22.5% from roots. It is noteworthy that actinomycetes were isolated from all plants used in this study, regardless of herbaceous or arbor, or wild or agricultural species.
Antiphytopathogenic activity of metabolites of actinomycetes isolated from plant samples. In a recent review, Kurtböke demonstrated several examples of applications of actinomycetes to the biological control of plant pathogens 9) . Independently, we found that the inoculation of an endophytic Streptomyces galbus R-5 isolated from a wild rhododendron to tissue-cultured seedlings of horticultural rhododendron makes them resistant to Pestalotiopsis sydowiana, a major pathogen of rhododendron 10) . Although some of these antagonistic effects may be due to an unidentified mechanism by which actinomycetes induce the native resistance such as systemic acquired resistance in plants, the involvement of secondary metabolites should not be ignored. Therefore, the antimicrobial activity of secondary metabolites produced by plant-associated actinomycetes was tested against plant pathogenic fungi and bacteria (Table 2 ). In vitro antiphytopathogenic activity was found in ca. 10-20% of the fermentation broths of tested strains with a trend that actinomycetes isolated from herbaceous plants produce antibiotics more frequently than those from arbor plants. Detailed analysis of antimicrobial spectrum suggests the chemical diversity of metabolites derived from plant-associated actinomycetes. A part of the antimicrobial profile data is shown in Table 3 . Strains S-173-S-184 were isolated from a sole plant of Houttuynia cordata, a herbaceous perennial and eight of twelve isolates showed different pattern of antimicrobial activity. Although the strains S-181 and S-183 seemed to produce the same metabolites, the other strains except for S-173, S-174 and S-184 show different spectra, suggesting that they are producing chemically different antibiotics.
To validate further the potency of plant-associated actinomycetes as a screening source for novel bioactive compounds, the fermentation broths were subjected to the antiinfective assay using Alernaria brassicicola as a pathogen and Chinese cabbage as a host plant 5) . Out of fifty culture broths that showed antagonistic acitivity against A. brassicicola, twelve suppressed the infection of the fungus to Chinese cabbage. Selected results are summarized in Table 4 . The larger percentage represents the higher effect of disease suppression. *Daconil: 40% water suspension of 1,3-dicyano-2,4,5,6-tetrachlorobenzene Among these, strain S-70 was found to produce fistupyrone, an inhibitor for the formation of infection hypha that is necessary for A. brassicicola to accomplish the infection 5) . In conclusion, we demonstrated that live plants as well as soils can be utilized for the isolation of actinomycetes and that the plant-associated actinomyctes are an additional source for the screening of novel bioactive compounds.
